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Electronic switching.

Lookup teblesfor *’sand O’s; measured on
vector network andyzer. Old rediometers
used built-in SX-ports.

Requires sability and repeatability of *'s
and O’ sover monthsor years.
Tentimesasfad asold coaxid radiometers.
Can cdibrate about 10 to 15 frequenciesin

oneday (DUT + check standard, 3 ports
each).

Relevant time periods — severd minutesto
severd hours.

Radiometer gain and noise figuremust be
sable over afew hours 0 that can calibrate
It with cryogenic standard & then use cryo
sandard for amplifier input. (Not needed
for nolse-temperature measurements.)
Achieved by:

minimizing stress in receiver’s mechanical design
water plates for lossy elements

water plates for temperature-sensitive components
(mixers and rf amplifiers).




Switches. average over many (50) readings.
Connections:. table top designed for good,
repestable connections.

Other: long-term stability and repeatability
from mechanica design of recalver ad
water plates for sengitive components.

Noise temperature . 450K (at 8 GHz)
Gan . 100dB
Sengtivity: Std. dev. of mean . 3K




Large therma mass.
Mechanicd rigidity and sability.
Rather hard to machine.

Congtant environment for anbient ssandard.
Switch & connectors at constant temp.

One port of switch through hole in copyper
tube cap.

50 S coaxid load connected to port.

Short section of tube over load and cap.
Second cap, with hole; themistor & thermal

paste through hole.




Water ports. acogpt “ quickconnects.”
Sot at bottom of assambly isaccesshole for
wrench for bottom connector.

Gaskets. 1/160 neoprene.
Switch: HP 871068 (DC —20 GHz) SP6T.
Connectors

Precision 7 mm, SMA inside: from Midwest
Microwave (Saline, Ml).
SMA: J. Smith & Assoc. (Colorado Springs, CO).

Samirigid cable: from Richardson
Electronics (\Woodland Hills, CA).

Ambient sandard load: INMET, modd TS
260M.

Themidors. 5kS, from Thermometrics
(Edison, NJ), cdlibrated at Bal Aerogoace
(Boulder, CO).




Photo

Stanless sted plate st in 130 (44 mm)
laminated maple.

Hole for switch assambly.

Sot for WR-90/GPC-7 adapter for WR-90
cryogenic standard.

Holesin ganless sed plate are for
mounting purposss, If needed.

Mechanicaly stable, rigid.




Box: milled from block of duminum,
anodized.
W%ter plates brassb
Tubing: copper or brass.
Samirigid cables (as above)

Desgned to minimize stresses ad
Ubsequent relaxation over time.

Everything mounted to box, then box to
base plate.

Leveling feet for dignment & good
connections.




I Level control

|0lators. remove dependence of recaver
properties on input impedance.

Through port: enables two-port
measurament of S-parameters to acommon
point beyond thefirg isolator.

Load: provides an ambient source for
comparison to ambient slandard or possible
USe IN NoIse-parameter measurameants.

Amplifier: lonv-noise, sets syslem noise
figure, amplifies input noise.




LPF. ramoves higher frequency components
to prevent them from being downconverted.

ALC: mantains congtant LO input to mixer;
located In recalver box to diminate any
effect of cablevariation.

Wiring to 15-pin connector shown on
Sgparate nedt, In notebook.

Parts lists given on separate heets, In
2050000 ¢

GOiwPnt P+ To) LO

Dol i
s

—> —
Oiszol pN + pisol G (Oisol pN + pisol + Te)
x2(12GHz 1 f)




Don't know detailed design of mixer. For
basic analyss, consder smple diode mixer.

Fig. 1Basic configuration for smple diode mixer.

Va=Vio+ Ve T Ve




BascMixer Analyss|[16]

Follow (roughly) treatment by Collin (Foundations for Microwave Eng.)

Assuming the voltage across the diode is small relative to the diode
voltage scale, expand diode current in a power series in the voltage:

ig " lg%avy% azvj % a3vd3 % ...
Or expand

i, " 1,eVe).

Substitute vqg = vio + Vre 1 Vi into first equation to get
ig - 1% al(vLO%vRF&vlF)%az(vfo%véF% v

%2V Ve & 2V Ve &2V oV ).

The only terms on the right hand side that have T\ components are vig

and vio V=, which has an IF component of %V o Vre. (Upper-case

V’s and I's indicate magnitudes of time dependent v's and I’s.)

Thus, if we restrict our attention to Tir and use iq = vo/Zir, we have
Vie 7 &a,Vigha, 2V Ve

. 2V Ve

IF
1%a,
Pr - Const x P o Pre = Const x G(py % Pigy % To)

Pe - GWstem (pN%Tme).




Use double baanced mixer to reduce
harmonic mixing (will check in tests).

Effect of LO noise: can show that it just
changes Gggemn aNd Ty gen

Effect of imperfect LO/RF isolation

If some leakage of the LO into the RF channel, and it gets reflected back
into the RF input of the mixer, then vg= 6 Vre + " Vio, Where ™" is the
product of the leakage and the reflection coefficient looking into the RF
channel from the mixer.

This results in several new terms in equation for ig, but the only one
which has an T\r component is 2a2™" vio Vire. This just results in a factor
of (1+') on the right hand side of eq (9),

21V o Vre

V - (1%")
'F 1%a,

For reasonable good LO/RF isolation (20 dB?) and a not too large
reflection coefficient (0.1 or less), this is not aworry. The key point
was that the " vi.o? term does not contain any Tir component, unless of
course TiIF=0.




First switch: HP 8762 C

Other switches (5): HP 8765 B

IF Amp #1: ANZAC AM-110

IF Amps#2 & 3: Mini-Circuits ZHL-32A
100 MHz LPF: Trilithic 6IM100-3-KK
5MHz LPF: TrilithicelM5-3-KK
Thermistor mount: HP 478A option H55
Attenuators. anything decent.




Frg switch dlows connection to two
different radiometers.

3 dB attenuator swvitched in& out In IF
linearity checks.

127 dB varicble attenuator used In linearity
checks and to set |IF sensitivity & prevent
saturation.

The two LPF s st the bandwidth, either 100
MHz or 5Mhz.

Find switch shown dlows“on” and “ of f”
reedings of power meter.

Thermigtor mount 1 MHz —1 GHz, notch at
DC.

Thermistor read by NIST Type-4 power
meter [17]. Commercid verson avallable
from Arbiter.

All (except Type-4 power meter) mounted

onwater plate. (Water plate dravingsin
noteook.)




3 LDSX-15(15V), #2, 6, 7

3 LCSA-02(0-18V),#1, 8,9

1 LDSX-20(20V),#3

1 LRS52-24(24V), #5

1 LDSX-24 (24 V), #4 (not nesded




Detalls on sparate shet.

24VDC 15vDC 24VDC 20VDC %4VDC 24vDC 12VDC

r + 1 4+ 1+ 1+ U+ + ! TE)
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Detalls on separate shet.

Grounds (-) for IF ampsgo to IF water plate.
Ground for radiometer anp goesto
radiometer.







Recaver

Switch heed
Cryogenic standard
|F section

Two extra




